Roughly 300 miles of the shoreline are sandy beaches, sometime more than fifty miles long. 
LITTORAL DRIFT PROBLEMS IN PORTUGAL WITH SPECIAL REFERENCE TO THE BEHAVIOR OF INLETS ON SANDY BEACHES
The west coast, which runs approximately north -southwards, is openly exposed to the winds and waves occurring in this area of the North Atlantic Ocean. In normal years, the north winds and seas are predominant, and they specially prevail in summer and the adjoining periods of spring and autumn, that is, in the dry season. South winds and seas are frquent in winter and the first half of spring, during the wet season, and the big storms usually start with their strong blowing. Meteorologically abnormal years may occur from time to time, and sometimes consecutively, in which the wet season lasts longer and the south wind and seas predominate. Similarly, it may arrive, in periods of exceptional drought, that the prevalence of the north winds and seas remains for the whole year and during consecutive years .
None of the mentioned abnormal features is very frequent, and it seems the former is the less common. While the available statistical data are not enough to allow any definite conclusion, the events in the last hundred and fifty years show that such meteorologically abnormal situations have occurred at intervals of 15 to 35 years. This means there is a really and largely predominant meteorological regimen, which therefore must model a marked littoral physiography.
As far as sediment drift is concerned -and in the Portuguese coast sediment means sand for all practical purposes -this littoral physiography is defined by an intensive alluvial movement, which proceeds alternatively southward and northward, according to the meteorological conditions at the moment, the former being predominant in normal years. Full quantitative evaluation of this littoral sand drift is unavailable, but the measures taken in some significant places where works were being carried show that in normal years the southward balance of the foreshore littoral drift amounts to approximately 20Ct,000 cm., which is about half of the total southward foreshore drift in those years. The offshore drift is harder to evaluate, but its volume is far in excess of this figure, and there are measures of depositions and erosions in outer bars, exclusively fed by littoral sand, at rates of one million cm. in a few months.
This littoral drift regimen is subject to variations, according to the meteorological features of the year concerned, both as regards intensity and trend of the predominant alluvial movement.
As the major extent of this coast is straightline shaped, local regimens are very few, practically confined to the five bays of Figueira da Foz, Nazare, Peniche, Cascais and Setubal.
The southern coast of the country runs roughly in a west and east direction and its littoral drift regimen is similar to the west coast one, with the difference that modeling agents are less vigorous and local variations more pronounced. Storms are neither so frequent nor so violent. Drift is alternatively eastward and westward, 
LITTORAL DRIFT PROBLEMS IN PORTUGAL WITH SPECIAL REFERENCE TO THE BEHAVIOR OF INLETS
ON SANDY BEACHES the former being more or less predominant according to the meteorological feature of the year and to the layout of the coastal stretch concerned, its prevalence being the strongest to the east of Cape Santa Maria.
While there are no systematic evaluations of the amount of sand interested in littoral drift processes, there is evidence of it being much less than the figures registered on the western coast.
The foregoing description is confined to longshore alluvial movement, which is the main process to be considered when dealing with littoral drift problems in the continental Portuguese coastline. In fact, due to the characteristics of the waves occurring and their relative frequences, as also to the nature of sediments available, transversal alluvial movements may be occasionally very intense, specially during big storms, but they are statistically much less important than the longitidinal ones. Of course, they play their part in shaping the alluvial shoreline, but the main modelling process is the longshore drift, with the possible exception of some limited stretches on the south coast.
LAGOONS AND THEIR INLETS
There are two important lagoon systems along the coast: the lagoon of Aveiro in the central west coast, and the lagoon of FaroTavira in the eastern south coast. As stated, we intend specifically to treat the littoral drift problems connected with the regimen of the inlet channels giving access to those large bodies of water.
THE LAGOON OF AVEIRO
In the previous paper (C. Abecasis, 1954) we gave a description of the very interesting case of the Aveiro lagoon, as known from the X 1 * 1 century up to the results of the improvement scheme being carried on by the middle of 1954. We shall not repeat the description, but we re-insert, for the sake of confront, the hydrographic survey of the inlet in August 1950, when the scheme was started (see Fig. 2 ).
It is now convenient to bring up to date the analysis of the behavior of the inlet channel in its reaction to the works undertaken. For the purpose, we shall insert in the graphs and tables of the preceding study the data collected since their publication, retaining the same designations and the numbering of the tables. Some of the hydrographic surveys on which those data were based are also included (see Figs. 3 to 5). Table 1 and Fig. 6 show that the volume of sand in the outer bar platform remains stable, with the seasonal variations assigned before. As meteorologically anomalous years did not occur, no systematic alteration can be traced.
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The projections of the longitudinal profiles of the entrance channel on a vertical plane parallel to the old southern jetty (see Fig. 7 ) entirely confirm what has been inferred in the 1954 analysis, i.e., as the works proceed and the lagoon's ebb current is reinforced, the outer bar is displaced seawards, widened and deepened (note the 1956 survey), Also confirmed is the then suggested envelop curve of the controlling depths at the outer bar's crest as a function of this crest's distance to a fixed base-line across the inlet canal (see Fig. 8 ).
Tables 3 and 4* and Figs. 9 to 12 demonstrate that the inlet channel's hydraulic characteristics favorable reaction to the works is consolidated, if not slightly improved, which, as previously stated, is of vital importance to the maintenance of depths in the whole access to the port.
In the preceding paper we pointed out the great significance of the behavior of the inner bar as an index of the soudness of the inlet's improvement scheme being executed. Fig. 13 to 16 and Table 5 show that the favorable results obtained can now be considered definitively acquired.
Moreover, additional data show that these beneficial results are not restricted to the area of the inner bar on the main lagoon channel. Thus, the access channel to the southern lagoon branch of Mira, which for many years had been starving and slowly shoaling, spontaneously deepened, specially since 1953 (see Figs. 18 and IB) . This, again, clearly means that littoral sands are not retained by the inlet in their way down-coast, as the volume of sand expelled by the ebb tide fairly exceeds that brought in by the flood. And if so, the project being carried on correctly solved the problem of assuring the depths required (indeed, more than required) in the channel with the least interference with the littoral drift regimen: in fact, a strictly localized interference, both in the time and in the space, as is also confirmed by the absence of any permanent erosion effects on the down-drift section of the sea shoreline. * A mistake in the computations of Table 4 concerning years 1934, 1945, 1951 , is now corrected. It did not affect the conclusions inferred from the Table's analysis.
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COASTAL ENGINEERING The barrier beach limiting this lagoon extends along the whole eastern third of the country's south coast, with a length of about thirtymiles . It is rather a lagoon system than a single lagoon, as there are several inlets giving access to different lagoon areas, more or less individualized, while all interconnected (see Figs, 20 and 2L) . These are elongated and parallel to the coast-line and in the major part relatively narrow.
Historical background of the physiography of this lagoon system has not yet been thoroughly investigated as it was in the case of the lagoon of Aveiro (C. Abecasis, 1951 and 1954) . Therefore its formation is not so well understood, and is supposed to be somewhat more complex.
Nevertheless, a plausible explanation for this great accumulation of sands has been proposed and seems to be confirmed by the available data. Accordingly, the inflection of the coastline in a southeastward direction immediately to the east of Quarteira gave rise, due to the prevailing southwest winds and seas, to a massive deposition of sediments proceeding from the active erosion of shoreline to the west of it. To the east of the big projection of Cape Santa Maria, the coastline recedes and suddenly turns into a northeastward direction, with the consequence that the littoral drift, strongly pushed forward by the prevailing seas from the southwest, becomes very intense (D. Abecasis, 1926) .
Behavior of the lagoon system's inlets is in agreement with this line of thought: to the west of the Cape there is only one inlet, shallow and relatively stable, while to the east, starting immediately after the Cape, there are and there have been several inlets, sometimes naturally deep but always unstable in their configuration and position, some of them fastly migrating.
We intend to deal with the cases of two inlets which in recent times were subject to improvement works: the inlet of Faro-Olhao and the inlet of Tavira, the former located near Cape Santa Maria, the latter to the far east of the lagoon.
The inlet of Faro-Olhao -The central and most important lagoon basin is situated between the towns of Faro and Olhao and the littoral sandy island or barrier beach, in the vicinity of Cape Santa Maria. Its wet area is roughly twenty square miles, including numerous marshes and the channels; its length is about eight miles and its maximum width, between the barrier beach and the mainland, approximates three miles. The Cape is just at mid-length of the basin.
COASTAL ENGINEERING
This lagoon section is connected with the adjoining ones by narrow and shallow channels and with the sea by two inlets: one which was artificially opened and canalized near the Cape in 1928, and anoth one, about three miles eastward, which is called "Barra Nova", i.e. "New Inlet", a natural one (for approximate locations see Pig. 22).
It is worth to briefly review the behavior of these inlets under the acting natural agents (A. Loureiro, 1909 and D. Abecasis, 1926) .
In 1861, the barrier island immediately to the east of the Cape was broken off during some storm occurring in a period of poor sediment feeding of the beach, and a narrow and deep inlet originated which was called "Barra do Bispo". Shortly afterwards, this proved to be very unstable and divided into two shoaling and moving channels, which swung across the sands of the island and migrated eastward, quickly deteriorating (see Fig. 23 ) and becoming completely closed by the end of the century, when the continuity of the barrier beach was re -established.
The "Barra Nova" inlet was by 1870 a wide and deep one, freely connecting with the eastern end of the main lagoon channel, where natural depths of 25 to 45 feet existed. The outer stretch of the channel points to the southwest, which is a generalized feature in this coast and is probably due to the trend of the coastal ebb-current; while the inner section is pushed to the northeast by the powerful lagoon current and the strong littoral sand drift. Those circumstances impose to the inlet channel a very defective and unstable configuration, in a long curv of small radius of curvature, across numerous shoals. Yet in the last century it was reported aa.a wide and fairly deep channel, but unsafe for navigation due to its instability and bent lay-out.
The subsequent free evolution of this natural inlet which for about thirty years was practically the only one connecting the main lagoon body to the ocean, as shown in Figs. 24 and 25, deserves a careful and detailed analysis by any one who may be interested in this kind of problem. For the moment, we simply want to point out that in spite of its size, of the big tidal flow circulating through and of the massive barrier of sandy islands and shoals lying down-drift, this inlet badly deteriorated and migrated eastward in the course of the years.
When, due to navigation's increased requirements and to the shoaling of the "Barra Nova" inlet, the necessity for an improved access became imperative and the impossibility of obtaining it by any natural or self-maintaining channel was evident, the argument was raised as to whether it would be advisable to artificially improve and correct the existing inlet rather than trying to establish ON SANDY BEACHES an entirely new one, and if so, as to the best location to be chosen.
The study of the local physiography which was undertaken let to the latter, based on the following reasons:
(a) It would be easy to pierce the barrier island near and to the east of Cape Santa Maria, and so to restore the ancient "Barra do Bispo" inlet, to connect it frankly with the main lagoon channel about midway between Faro and Olhao, to fix it by canalization through the barrier-beach and to direct its outer alignment in the best way concerning the circulation of the tidal flow, i.e. to SW or SSW; (b) This site, near the projection of the Cape, would afford the occurrence of two very favorable factors as regards the self-maintenance of the new entrance channel, namely, the strength of the littoral current and the immediate proximity of the outside deep water.
(c) Should a deeper entrance channel be required, it would be easy to build a system of outer breakwaters, that wouldn't need any exaggerated length to reach the suitable depths.
Briefly, an artificial inlet so located and duly designed would be given good hydraulic conditions and the vicinity, both of the lagoon waters' center of masses and the outer deep waters.
Based on these reasonings, a scheme of works was designed and carried forHascrd, as shown in the included hydrographic surveys . The first phase, piercing of the barrier-beach and fixing the inlet through it by means of the concave shore's revetment and the building of inner stretches of the breakwaters, was carried from 1928 to 1931. The second phase, completing of the outer stretches of breakwaters, was carried on from 1947 to 1955.
Results obtained can be seen in the hydrographic surveys (Figs. 26 to 31 ) and in the graphs and tables which are included and are similar to those concerning the inlet channel of Aveiro.
When comparing, it must be borne in mind that the physiographic factors' activity is much less intense in the south coast and that the lagoon tributary to the inlet of Faro-Olhao is much smaller than the lagoon of Aveiro and is connected with the ocean by another important inlet. Consequently, slower reactions and less important sediment movement are to be expected. It must also be recalled that, until now, the studies were not carried forward to the same extent as in the case of Aveiro, neither as regards the items examined nor as to the area covered. 
The slower reaction of the inlet to the improvement works is quite evident in the variation of the volume of sands and the controlling depths on the outer bar (see Table 6 and Fig. 32 ). These data also show that the meteorological influence on the volume of sands lying on the bar is of an entirely different order of magnitude than it was in the western coast's inlet. So, it is not extraordinary that the deepeninj of the outer bar crest was not noticed until nearing the completion of the breakwaters in 1955 (see Fig. 33 ). This effect was then helped by dredging in 1955-1956 some 100,000 cubic meters of sand in the outer bar and entrance channel.
But where the progressive beneficial results of the improvement works could be noticed almost step by step was in the amelioration of the hydraulic characteristics of the inlet channel as the works proceeded and in the spontaneous disappearance of the inner bar in the branch channel that leads to Faro (see Table 7 and Fig. 34 to 37) . This is the best guarantee of an easier circulation of the tidal flow, whi in turn is the most efficient agent for the maintenance of depths in the entrance channel (Fig. 38) .
It is also to be stressed that the absence of a sand accumulation on the updrift side of the works beyond certain limits, as well as the absence of any appreciable shoaling in the inner channel and of any systematic erosion in the down-drift beach, are good tests of the ability of the executed scheme to meet the requirements of the project. It is legitimate to infer, here again, that the littoral sands are transposing the inlet and not retained by it.
The inlet of Tavira. This inlet connects the far east section of the southern coast's lagoon system with the ocean. This section of the lagoon, which lies eastward of Olhao, is composed of a single channel with adjoining marshes and extends for about 17 miles parallel to the sea coast of the barrier-islands and to the shore of the mainland, By 1884, the ancient inlet of Tavira, formerly situated just opposite the town and the lagoon outlet of the river crossing it, had migrated eastward for more than five miles, under the strong push of the littoral sand drift. By the end of the century, this migration had progressed for some additional 2.5 miles and the inlet reached the end of the lagoon, where it quickly shoaled. Some time later, a new inlet was opened by a storm, about one mile to the west, which took a curvec configuration similar to the above-mentioned "Barra Nova" inlet and stood for years (see Fig. 39 ).
Later on, the deterioration of this natural inlet and the necessit; of meeting the navigation requirements, specially of the important fishing activities, gave rise to the project of artificially restoring the Faro-Olhao (1929 -1945 Hydraulic elements of the inlet's cross sections Bates X-1929 VII-1932 VI-1933 VII-1938 VII-1942 VIII-1945 ancient Tavira inlet, by piercing the barrier-beach near the town.
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In fact, this was undertaken by 1927 and the artificial inlet, lyir to the SE of the Tavira »s river lagoon outlet was canalized by means of two stone and concrete shore revetments across the barrier island, the eastern jetty being carried seaward for a length of about 700 feet, after wards lengthened by 250 feet more. The 1936 The , 1942 The , 1944 The and 1956 hydrographic surveys herein pr< sented show what results were obtained by the initial works and the additional amendments (see Figs. 40 to 43) .
Fundamentally, the works failed because they were not planned so as to obtain the transposition of the inlet by the moving littoral sands, with the less possible interference with the coastal regimen. The outer east breakwater was in fact a sand-trap in the way of the littoral drift, making a bigger amount of sand to enter the lagoon than the ebb current, although guided by it, was able to expel. Moreover, the original project contemplated a regular dredging to maintain the depths and the establishment and maintenance of an outer sand-pit, to protect the inlet against the invasion of the littoral sands. Certainly because the entrance channel itself did not shoal and the dredging was not cheap, neither item was implemented, and groynes were instead built on the west side ocean beach to prevent the littoral sands from reaching the inlet, and so to reduce the shoaling inside the lagoon. But the feeding of the barrier-beach to the east of the inlet was concurrently and substantially reduced, with the result that in 1941, during a big storm, a new inlet was opened opposite the mouth of river Almargem, due to the joint action of the river flood and the ocean waves on a weakened section of the barrier-island. In some years, the new inlet, through which the tide started to circulate, widened to hundreds of meters, due to the local destruction of the barrier-beach, and the artificial one, progressively deprived of the tidal flow and invaded by the littoral sands, completely closed.
The essential misconceptions seem to have been the obstacles raised in the way of the littoral sands, i.e., the outer eastern breakwater and specially the groynes to the west of the inlet, while the location of this one could also be a matter of argument as to the advantages of moving it a little more to the west. The elected location, based on economic grounds, does not seem to have been able to meet the modest requirements contemplated, nor its displacement to the west would have prevented the consequences of the formerly mentionec misconceptions. These, of course, could have been avoided if the port was rich enough to pay for a strong and extensive protection of the barrier beach to the east side of the inlet. This specific case shows that the real test on the soundness of an inlet improvement scheme is not the depth on the entrance channel, but the variation of the volume of sand both on the inner bar and on the downdrift section of the coast. If the former increases and the latter decreases systematically, failure of the scheme is real, while it can be masked if there is enough money available for the purpose.
THE IMPROVEMENT OF LAGOON INLETS
In our opinion, consideration of the above-mentioned examples, together with the free evolution of a number of natural inlets on sand coasts, legitimates the inference of some principles valid in the treatment of these physiographic entities for navigation or drainage purposes . But, to prevent any misinterpretation of what has been stated, we want to stress the point that none of the herein referred successful cases is to be considered a completely solved problem, as far as taking full advantage of the lagoon-and-inlet system's potentialities for the improvement of the entrance channel is concerned: next step will probably be the correction of the hydraulic flow conditions in the inner approaches to the inlet channel.
We have had the opportunity of pointing out the fundamental differences between the suitable methods for dealing with the improvement of estuaries and those adequate to improve the lagoon entrance channels (C. Abecasis, 1954) . It is enough to say that the additional data now presented solidly confirm our previous statement, so that the coastal engineer must be extremely cautious whenever he feels tempted to make use of similarity methods to solve any particular problem on lagoons' accesses by referring to the sanctioned and successful practices adhered to in estuaries' knowledge.
For the effective improvement of an inlet on a sandy coast, it seems essential, under the phyBiographical point of view:
(a) to increase as much as possible the relation of the volume of the tidal flow through the inlet to the volume of sands carried by the littoral drift; (b) to interfere the less possible with the littoral drift existing along the barrier-beach, looking at that the volume of sand expelled out by the ebb be not less than that brought in by the flood tide.
Needless to say, those conditions are to a certain extent interconnected, but any of them may be more or less fulfilled in a given case. The former requires to improve as far as possible the hydraulic characteristics of the inlet channel and depends on the space available in the
